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Cost-effectiveness of alternative
methods of surgical repair of
inguinal hernia

Luke Vale
Adrian Grant
Kirsty McCormack
Neil W. Scott
and the EU Hernia Trialists Collaboration
University of Aberdeen

Objectives: To assess the relative cost-effectiveness of laparoscopic methods of inguinal
hernia repair compared with open flat mesh and open non-mesh repair.
Methods: Data on the effectiveness of these alternatives came from three systematic
reviews comparing: (i) laparoscopic methods with open flat mesh or non-mesh methods;
(ii) open flat mesh with open non-mesh repair; and (iii) methods that used synthetic mesh
to repair the hernia defect with those that did not. Data on costs were obtained from the
authors of economic evaluations previously conducted alongside trials included in the
reviews. A Markov model was used to model cost-effectiveness for a five-year period after
the initial operation. The outcomes of the model were presented using a balance sheet
approach and as cost per hernia recurrence avoided and cost per extra day at usual
activities.
Results: Open flat mesh was the most cost-effective method of preventing recurrences.
Laparoscopic repair provided a shorter period of convalescence and less long-term pain
compared with open flat mesh but was more costly. The mean incremental cost per
additional day back at usual activities compared with open flat mesh was €38 and €80 for
totally extraperitoneal and transabdominal preperitoneal repair, respectively.
Conclusions: Laparoscopic repair is not cost-effective compared with open flat mesh
repair in terms of cost per recurrence avoided. Decisions about the use of laparoscopic
repair depend on whether the benefits (reduced pain and earlier return to usual activities)
outweigh the extra costs and intraoperative risks. On the evidence presented here, these
extra costs are unlikely to be offset by the short-term benefits of laparoscopic repair.
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Inguinal hernia repair is the most frequently performed sur-
gical procedure in the developed world with over 700,000

This study would not have been possible without the support of our col-
leagues in the Health Services Research Unit, The Health Economics Re-
search Unit, and members of The EU Hernia Trialists Collaboration. The
Health Services Research Unit and the Health Economics Research Unit are
core funded by the Scottish Executive Health Department. The EU Hernia
Trialists Collaboration was supported by a grant from the EU BIOMED II
work program. The views expressed are those of the authors and not neces-
sarily those of the funding bodies.

procedures performed each year in both the United States and
Europe. Until the adoption of synthetic mesh in the 1990s,
methods of hernia repair had changed little since the nine-
teenth century. Earlier methods relied on sutures to repair
the hernia under tension, whereas newer methods involved
placing a synthetic mesh over the defect without tension. Al-
though the use of mesh appeared to reduce the risk of recur-
rence (9–11), the uptake of the newer techniques has varied
between countries due to concerns about possible longer term
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complications of mesh (5) and, in some countries, because of
the cost of the mesh itself.

Placement of the mesh can be accomplished in an open
operation or by using minimal access laparoscopic tech-
niques. Open mesh repairs can be further classified as flat
mesh (including, for example, the Lichtenstein method of re-
pair), plug and mesh (plug and patch), and preperitoneal mesh
repair. The two most common types of laparoscopic repair
are transabdominal preperitoneal (TAPP) repair and the to-
tally extraperitoneal (TEP) repair. The TEP procedure differs
from the TAPP in that placement of mesh is accomplished
without entering the peritoneal cavity. The TEP approach is
considered to be technically more difficult than TAPP, but it
may lessen the risk of damage to the internal organs, which
has been linked to TAPP (10).

The need for rigorous evaluation of the effectiveness and
efficiency of the newer methods of repair using randomized
controlled trials (RCTs) has been well recognized. However,
the findings of individual trials are limited, as their sample
sizes are usually modest leading to statistically imprecise es-
timates of differences in outcomes. Considering all similar
trials together increases precision, because the data available
for each measure of effectiveness of interest are greatly in-
creased. Furthermore, robust data on effectiveness are also
essential for the estimation of cost-effectiveness. Therefore,
the data from such an overview can be used to derive more
accurate estimates of cost-effectiveness than have hitherto
been available (23).

In 1998, a group of surgical trialists who had partici-
pated in RCTs of groin hernia repair recognized the value of
an overview and established The EU Hernia Trialists Collab-
oration. The expressed aim of the collaboration was to sys-
tematically determine, using individual patient data where
possible, the effectiveness and cost-effectiveness of alterna-
tive methods of hernia repair. For this study, the relative cost-
effectiveness has been evaluated for the four most commonly
used techniques: open non-mesh, open flat mesh, TAPP, and
TEP.

METHODS

Derivation of Model Parameters of Clinical
Effectiveness

Data on recurrence rates, time to return to usual activ-
ities, proportion of people with long-term pain, and op-
eration time were taken from a series of systematic re-
views performed by the EU Hernia Trialists Collabora-
tion (9–11). The reviews included randomized or quasir-
andomized controlled trials and compared the following:
mesh (placed either laparoscopically or in an open procedure)
with non-mesh repair, laparoscopic repair with open mesh re-
pair, and open mesh with open non-mesh repair. The reviews
followed the methods of the Cochrane Collaboration and in-
cluded meta-analysis where appropriate (4) and are reported
in detail elsewhere (9–11). In brief, the reviews involved the

systematic searching of MEDLINE and the Cochrane Cen-
tral Register of Controlled Trials. Further studies were iden-
tified from reference lists of known trials, relevant Web sites
and through the EU Hernia Trialists Collaboration. Individ-
ual patient data were sought for all identified studies. Stan-
dard meta-analysis techniques were used to obtain overall
estimates of effectiveness when appropriate. The reviews in-
cluded a total of 58 RCTs and 11,174 patients. Individual
patient data were available for 35 trials (6,901 participants)
and additional aggregated data from a further 9 (2,390 par-
ticipants). For the remaining fourteen trials (1,883 partici-
pants), published data only were available. As very few data
were available for plug and mesh and preperitoneal mesh
repair, these comparisons have not been considered for this
article.

These reviews allowed direct comparison of both TAPP
and TEP with both open flat mesh and open non-mesh, and
open flat mesh with open non-mesh. Only indirect compar-
ison between TAPP and TEP was possible as there have
been few RCTs comparing them directly. The summary
statistics were then used to estimate the transition prob-
abilities and other rates required in the economic model.
Absolute differences were derived by applying the rela-
tive rates obtained from the meta-analyses to estimates of
the absolute rate for a baseline comparator. The latter were
based on data from the open non-mesh arms of the included
studies.

Weibull probability distributions around relative recur-
rence rates, relative risk of long-term pain, and normal dis-
tributions around differences in operation time and time to
return to usual activities were constructed using the mean
and 95% confidence intervals provided by the meta-analyses.
These distributions were used in the probabilistic analysis
performed using Monte-Carlo simulation.

A further probability used in the model was the mortality
rates. It was assumed that each treatment would have equal
mortality. Mortality data came from Scottish life tables (1),
and a distribution was also attached to this parameter based
upon mean annual mortality plus or minus 20%.

Data on Resource Use and Cost

Information on resource use and cost was requested from
the investigators involved in the three trials alongside which
an economic evaluation had been conducted (2;22;24). This
strategy was specified on a detailed proforma. The original
spreadsheets or detailed information on resource use and units
costs were also requested. Very similar costing methodol-
ogy had been used in these three studies but, as would be
expected, the actual resources used to provide the different
interventions did vary. To ensure that estimates of cost from
the three studies were comparable, resource use packages for
each treatment were constructed using the data from each
study (2;22;24). This approach ensured that comparisons be-
tween studies were based on data collected under a consistent
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set of resource use headings. Unit cost data from the three
studies were used to estimate the cost of the different pack-
ages of resource use (2;22;24). Capital costs were obtained
by annuitizing unit costs over the lifetime of the capital
at a 6% discount rate and dividing this figure by expected
annual throughput. As the studies were conducted at dif-
ferent times, unit costs were all inflated to 2000/01 price
levels and converted into Euros. An exchange rate of £1
to €1.59 was used for the data from the two UK studies
(22;24) and a rate of fl to €0.45 was used for the third
study (2).

After discussion within the EU Hernia Trialists Col-
laboration and the review of previous economic evaluations
(24), several scenarios were developed. The principal sce-
nario distinguished between laparoscopic surgery using dis-
posable rather than reusable equipment as this is what had
been used predominantly in the three trials. The implica-
tions of using reusable equipment instead were explored in
sensitivity analyses as previous evaluations had shown cost
to be very sensitive to the type of laparoscopic equipment
used (23).

Cost-Effectiveness Model

A Markov model was developed to estimate the cumulative
costs, recurrences, and time away from usual activities associ-
ated with each method of hernia repair. The model (Figure 1)
follows a cohort of patients from their initial operation
through their convalescence (operation state) to their return
to usual activities (successful operation state). The patients
may remain in this state until they die or they may suffer a
recurrence and, therefore, have a re-operation and move to
the re-operation state. The cohort of patients could continue
to move between the states of the model until they all eventu-
ally die. However, for the purposes of the analysis, the cohort
was only modeled for five years after this initial operation.
This timeframe was chosen as it was believed to be the max-
imum length over which the data on effectiveness could be
extrapolated reliably.

A cost per patient was calculated for each state of health
in the Markov model. The main cost components of the model
were the costs of the operative period (that is, initial oper-
ation, hospitalization) and the costs of any subsequent re-
operation. It was assumed that, if a recurrence occurred, then

Figure 1. Markov model for the comparison of alternative
methods of hernia repair.

it would be repaired using the same technique as the ini-
tial operation. The impact of relaxing this assumption was
also assessed. Costs of operative and postoperative compli-
cations were not explicitly modeled, as their effect would
principally be captured through longer operating times and
hospitalization. Likewise, costs of management in the com-
munity were also excluded as a recent systematic review of
economic evaluations and cost analyses has shown that these
are typically a small proportion of total costs in this context
(23).

Cost-effectiveness

The central outcomes of the cost analysis and the systematic
review are presented in terms of a balance sheet (19). The ini-
tial analysis was the incremental cost per recurrence avoided
from the perspective of the health service sector. Costs and
consequences were discounted at a 6% rate. As cumulative
costs and outcomes over five years have been estimated, the
analysis was repeated using the cost data from the individual
studies rather than combining the cost data from the different
economic evaluations (2;22;24).

Sensitivity Analysis

Probabilistic sensitivity analysis using Monte Carlo simula-
tion using 5,000 iterations was then performed to generate
a distribution for the incremental cost-effectiveness esti-
mates provided by the Markov model. These sensitivity
analyses were repeated for two scenarios. The first as-
sumed that laparoscopic surgery was predominantly per-
formed using reusable equipment (base case) and the second
where predominantly disposable laparoscopic equipment
was used (disposable equipment). Information on resource
use was not available for one study (2). The results of
the probabilistic sensitivity analysis are presented where
appropriate in the form of cost-effectiveness acceptability
curves.

RESULTS

The values of the parameters used within the model are re-
ported in Table 1 with notes explaining some of the assump-
tions. The findings are described below for the comparison of
(i) open flat mesh with open non-mesh; (ii) laparoscopic with
open flat mesh; (iii) TEP with TAPP laparoscopic repair.

Open Flat Mesh Versus Open Non-Mesh
Repair

Table 2 shows the balance sheet comparing open flat mesh
with open non-mesh repair procedures. Over a five-year pe-
riod, open flat mesh provides greater benefits in terms of more
time at usual activities, less persisting pain, and fewer recur-
rences at a cumulatively lower cost (open non-mesh, there-
fore, is dominated). This is because the costs of treating the
additional recurrent hernias that occur after open non-mesh
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Table 1. Basic Model: General Anesthesia for Both Procedures and Limited Use of Disposables

Baseline Distribution Source Notes

Annual probability of death
All 0.63% Weibull Scottish life Annual risk for a 45-year-old male

Annual probability of recurrence tables (1)
TAPP 1.53% Weibull Review (10) Based on OR versus open flat mesh.

OR, 1.01; 95% CI, 0.56 to 1.85
TEP 1.47% Weibull Review (10) Based on OR versus open flat mesh.

OR, 0.97; 95% CI, 0.34 to 2.77
Open flat mesh 1.52% Weibull Review (9) Based on OR versus open non-mesh.

OR, 0.26; 95% CI, 0.17 to 0.38
Open non-mesh 5.84% Weibull Review (11) Average recurrence rates for open

non-mesh
Operation staff + theatre costs

TAPP €9.42 MRC (22)
€6.12 Beets (2)
€3.29 Wellwood (24)

TEP €9.42 MRC (22)
€6.12 Beets (2)
€3.29 Wellwood (24)

Open flat mesh €9.32 MRC (22)
€5.92 Beets (2)
€2.91 Wellwood (24)

Open non-mesh €9.32 MRC (22)
€5.92 Beets (2)
€2.91 Wellwood (24)

Operation length (minutes)
TAPP 61.10 Normal Review (10) Based on WMD versus open flat

mesh. WMD, 14.64; 95% CI,
13.32 to 15.96

TEP 51.75 Normal Review (10) Based on WMD versus open flat
mesh. WMD, 5.29; 95% CI,
2.84 to 7.73

Open flat mesh 46.46 Normal Review (9) Based on WMD versus open non-
mesh. WMD, −3.07; 95%
CI, 4.13 to −2.01

Open non-mesh 49.53 Normal Review (11) Based on a simple average of open
non-mesh operation times

Operation equipment costs
TAPP €236.03 MRC (22)

€712.76 Beets (2)
€648.02 Wellwood (24)

TEP €236.03 MRC (22)
€712.76 Beets (2)
€648.02 Wellwood (24)

Open flat mesh €138.29 MRC (22)
€107.93 Beets (2)
€147.87 Wellwood (24)

Open non-mesh €101.59 MRC (22)
€84.85 Beets (2)

€107.78 Wellwood (24)
Length of stay (days)

All 1.00 Review (9–11) Differences in techniques
appeared to be determined by
hospital policy

Cost per hospital day
All €210.83 MRC (22)

€134.46 Beets (2)
€320.52 Wellwood (24)

Time to return to usual activities following an operation
TAPP 0.022 Normal Review In years; equal to 8 days; 95%

CI, 7 to 9 days; SE 0.43

(continued)
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Table 1. (Continued)

Baseline Distribution Source Notes

TEP 0.019 Normal Review In years; equal to 7 days; 95%
CI, 7 days to 7 days; SE 0.18

Open flat mesh 0.030 Normal Review In years; equal to 11 days; 95%
CI, 11 to 11 days, SE 0.45

Open non-mesh 0.049 Normal Review In years; equal to 18 days; 95%
CI, 17 to 19 days, SE 0.35

Probability of long term pain
TAPP 0.05 Weibull Review (10) Based on OR versus open flat mesh.

OR, 0.59; 95% CI, 0.43 to 0.83
TEP 0.01 Weibull Review (10) Based on OR versus open flat mesh.

OR, 0.13; 95% CI, 0.05 to 0.34
Open flat mesh 0.08 Weibull Review (9) Based on OR versus open non-

mesh. OR, 0.63; 95% CI, 0.42
to 0.96

Open non-mesh 0.12 Weibull Review (11) Based on rates of pain in open
non-mesh arms of comparisons

OR, odds ratio; WMD, weighted mean difference; SE, standard error; CI, confidence interval; TAPP, transabdomi-
nal preperitoneal; TEP, totally extraperitoneal.

more than outweigh the increased material cost of open mesh
repair. If the assumption that all recurrences result in a repeat
procedure is relaxed open flat mesh remains less costly than
open non-mesh except when fewer than 5% of those who
have a recurrence have a re-operation.

Laparoscopic Versus Open Mesh Flat
Repair

As open non-mesh is more costly and less-effective (domi-
nated) compared with open flat mesh repair it is only relevant
to compare the laparoscopic procedures with open flat mesh
procedures. The balance sheet for this is shown in Table 3.
Laparoscopic repair is associated with more time at usual
activities and fewer people with long-term pain, but this is
achieved at higher cost and an increased risk of rare but seri-
ous complications. The costs presented in Table 3 are based
on reusable laparoscopic equipment. If disposable laparo-
scopic equipment were used the cost advantage enjoyed by
open flat mesh would increase (mean cost saving versus TEP

of €1112 [95% confidence interval €1022 to €1339]; mean
cost saving versus TAPP of €1211 [95% confidence interval
€1149 to €1337]).

In terms of recurrence rates, the evidence suggests no
clear difference between open flat mesh and laparoscopic
repair but the confidence intervals indicate that important
differences could possibly exist. The results from the prob-
abilistic sensitivity analysis indicate that there is a 34.5%
chance that TEP (43.9% for TAPP repair) would prevent
more recurrences and be more costly than open flat mesh
repair. There is, however, only a 21.6% chance that the incre-
mental cost per recurrence avoided for TEP compared with
open flat mesh would be less than €10,000 when reusable
laparoscopic equipment is used (when disposable equipment
is used, the probability is less than 1.5%). Similarly, for the
comparison of TAPP with open flat mesh, there are 10.4%
and a 0.02% chances that the incremental cost per recurrence
avoided would be less than €10,000 for reusable and dis-
posable laparoscopic equipment, respectively. Relaxing the
assumption that all recurrent hernias are surgically repaired

Table 2. Balance Sheet Describing the Comparison Between Open Flat Mesh and Open
Non-mesh Repair

Favors open flat mesha Favors open non-mesh

Lower cost over 5 years Lower initial operation cost
(mean saving, €152; 95% CI, €92 to €218)

10.7 (95% CI, 9.3 to 12) days more time at
usual activities after 5 years

45 (95% CI, 6 to 73) fewer people per 1,000
with long-term pain

180 (95% CI, 145 to 293) fewer recurrences
per 1,000 patients over 5 years

a Ranges are the 2.5 and 97.5 percentile points from the range of values produced by the Monte Carlo simulation.
For abbreviations, see Table 1.
CI, confidence interval.
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Table 3. Balance Sheet Describing the Comparison between Laparoscopic and Open Flat
Mesh Repair

Favors laparoscopica Favors open flat mesh

More time at usual activities after 5 years Lower cost over 5 years
TEP: 4.3 (95% CI, 0.4 to 8.2) more days (vs TEP mean saving €160; 95% CI, €100 to €281)
TAPP: 3.2 (95% CI, 1.8 to 4.5) more days (vs TAPP mean saving €256; 95% CI, €219 to €323)

Fewer people have long term pain 3.6 fewer serious complications per 1,000
TEP: 67 (95% CI, 41 to 107) fewer people procedures

per 1000
TAPP: 32 (95% CI, 12 to 57) fewer people

per 1000
Similar risk of recurrence over 5 years

(TEP 2 fewer recurrences per 1,000 patients over 5 years. 95% CI, −49.5 to 109.0)
(TAPP 1 additional recurrences per 1,000 patients over 5 years. 95% CI, −30.8 to 56.4)

a Ranges are the 2.5 and 97.5 percentile points from the range of values produced by the Monte Carlo simulation.
For abbreviations, see Table 1.
CI, confidence interval; TAPP, transabdominal preperitoneal; TEP, totally extraperitoneal.

had a very small impact on the difference in cost between
laparoscopic and open mesh repair.

Figure 2 is an example of the effect of different sources
of cost data on the estimates of cost-effectiveness when es-
timates of effectiveness are held fixed. The cost effective-
ness acceptability curves for the incremental cost per re-
currence avoided for the comparison of TEP with open flat
mesh when reusable laparoscopic equipment were created
using the data derived from each of the three sources of
cost data (Figure 2) (2;22;24). The results based on costs
derived from the MRC multicentre trial and the Beets trial
were very similar (2;22), whereas the curve based on the
data from Wellwood and colleagues was less likely to be
considered cost-effective (24). There was, however, virtu-
ally no difference between the curves derived for the three
trials when the cost estimates for disposable equipment
were used. Overall, the results presented in Figure 2 in-
dicate that there is only a small probability that TEP re-
pair could be considered cost-effective in terms of recurrent
hernias avoided.

The results presented in Table 2 indicate that laparo-
scopic repair is associated with an earlier return to usual
activities. If a choice is made to adopt laparoscopic repair,
then this places a suggested valuation on the time away from
usual activities and avoids problems of whether and how such
time should be formally valued. The probability that TEP is
cost-effective for varying costs that society might be willing
to pay for an additional day at usual activities is shown in
Figure 3. It is highly likely that the cost per additional day at
usual activities is less than €100 using the cost data derived
from two of the studies (2;22) and less than €300 using data
derived from Wellwood and colleagues (24).

TEP Versus TAPP Laparoscopic Repair

Data from direct comparisons of the two laparoscopic tech-
niques considered were not available from the systematic
reviews. For this reason, an indirect comparison was drawn,
based on each method’s comparison with open mesh repair.
There is a trend favoring TEP in terms of time to return to

Figure 2. Probability totally extraperitoneal repair is cost-effective compared with open flat mesh for different costs per recur-
rence avoided (reusable laparoscopic equipment).
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Figure 3. Probability totally extraperitoneal repair is cost-effective versus open mesh for different costs per additional days at
usual activities (reusables).

usual activities, pain, and cost, but none of this is defini-
tive. Probabilistic sensitivity analysis suggests that, in terms
of cost per recurrence avoided, there is nearly a 40% chance
that TEP is dominant or is associated with an incremental cost
per recurrence avoided of less than €1,000. In contrast, the
probability that TAPP is dominant or is associated with a cost
per recurrence avoided less than €1,000 is less than 0.1%.

TEP repair appears less costly than TAPP repair because
the evidence available suggests that TEP repair takes less
time. This comparison was made indirectly using data from
the comparisons of these two procedures with open mesh.
This type of indirect comparison might bias the results if the
patient groups or processes of care differed between TAPP
and TEP trials. Although the patients groups appeared to be
comparable (9–11), it is possible that the surgeons involved
in the trials comparing TEP with open mesh were more ex-
perienced, and, therefore, quicker than those involved in the
trials of TAPP with open mesh. For surgeons with the same
experience, the operation time and hence cost of TAPP and
TEP may be similar.

Disposable Equipment

Using disposable laparoscopic equipment increases the cost
of laparoscopic surgery. For TEP repair, the extra cost was
estimated to be €953 (95% CI, €913 to €1,062). Several ben-
efits have been suggested for disposable equipment, notably
decreased risk of infection, but these have not been demon-
strated. Choosing to perform TEP using disposable equi-
pment in preference to reusable equipment (total cost €1123)
suggests that disposable equipment provides at least 84%
[((953)/1,123) × 100] more benefits than reusable equipment
and that the health service is willing to pay the additional
€953 per patient.

DISCUSSION

Open flat mesh repair is both less costly and provides su-
perior outcomes than open non-mesh repair. In comparison

with laparoscopic techniques, open flat mesh repair is more
efficient in terms of recurrences avoided. However, laparo-
scopic repair is associated with less long-term pain and an
earlier return to usual activities. Only tentative conclusions
about which of the two laparoscopic techniques is optimal
can be made as the results are not based on direct compar-
isons. There is a growing consensus that the TEP approach
should be used to minimize the risks of serious complica-
tions, but it is not an easy technique and requires training.
The results of this evaluation suggest that TEP is highly un-
likely to be dominated by TAPP and may indeed be superior
(greater than 30% chance that TEP is less costly and pre-
vents more recurrences). These data may be used to develop
clinical practice guidelines. Such guidelines would need to
reflect local circumstances and should be implemented using
strategies that have themselves been shown to be evidence
based (20).

The analysis presented in this study has assumed that
all patients would require general anesthesia. In practice,
open repair may be performed under local or regional
anesthesia whereas laparoscopic repair would mostly be
performed under general anesthesia. For example, across
the trials included in the systematic reviews (9–11) that
reported this data, only 65 patients of the 3,392 allo-
cated to laparoscopic repair received regional anesthesia,
one had a local anesthesia, and the rest received gen-
eral anesthesia (23). In terms of cost-effectiveness, if open
repair were performed under local or regional anesthe-
sia and laparoscopic repair under general anesthesia, the
difference in cost between laparoscopic and open repair
would increase and laparoscopic repair would be less cost-
effective.

In the analysis, the operative and postoperative compli-
cations were assumed to act through longer operating times
and hospitalization. Overall, there were fifteen (4.7 per 1,000)
potentially serious visceral or vascular injuries in the laparo-
scopic groups (all following TAPP) compared with four (1.1
per 1,000) in the open groups (23). The modeling of these
complications would make laparoscopic repair appear more
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costly, although the effect would be small due to the rarity of
serious complications.

There have been several previou2s economic evaluations
(2;3;6;7;12–18;21;22;24). These were each based on the re-
sults of a single study. This study reports an evaluation based
on a series of systematic reviews. Considerable efforts were
made to identify all relevant studies (reported in detail else-
where, 9–11) and analysis was based on published, unpub-
lished, and individual patient data using methods advocated
by the Cochrane Collaboration, which were rigorously de-
fined before the evaluation commenced (4). The reviews in-
cluded data on 11,000 randomized patients, ten times more
than the largest single trial. By combining these data, it can
be argued that more precise and generalizable data are ob-
tained. The pooled estimates produced by the systematic re-
views were used for many of the models parameter estimates.
Therefore, the conclusions reported are based on more robust
data than were available for any of the earlier economic eval-
uations.

This evaluation also attempted to quantify the uncer-
tainty surrounding the parameter estimates using stochastic
methods for cost-effectiveness analysis. None of the earlier
studies attempted this and instead relied on a variety of deter-
ministic methods of sensitivity analysis that decision-makers
may find difficult to interpret (2;3;6;7;12–18;22;24). The
short time frame over which costs and benefits were assessed
also hampered earlier studies. This finding is a particular dis-
advantage for open flat mesh compared with open non-mesh
repair. The open non-mesh procedure is initially less costly,
but over time, it is associated with more recurrences and,
therefore, increased retreatment costs. In this study, a longer
time frame was adopted that allowed more time for the initial
cost advantage of open non-mesh to be removed. The use
of systematic review techniques and particularly the use of
individual patient data meta-analysis allowed the accumula-
tion of data for a longer duration of follow-up; it also allowed
consideration of the maximum length that the costs and ef-
fects should be modeled.

Due to lack of generalizable data on the opportunity cost
of time away from usual activities, indirect costs were not for-
mally incorporated into the analysis. Nevertheless, the model
was used to explore the valuation of an additional day at usual
activities that is suggested by the choice of the more costly
but more effective laparoscopic techniques. These analyses
allow decision-makers the opportunity to consider whether
their valuation of an additional day at usual activities is
likely. For example, compared with open mesh, TEP pro-
vides an additional day at usual activities at a cost of less than
€100.

The costs of alternative methods of hernia re-
pair have been assessed by several analysts (2;3;6;7;12–
16;18;21;22;24). All of those studies that adopted rigorous
methodology to estimate costs used methodologies that were
very similar (23) and the primary data for three of them
were used as the basis of cost estimates for this study. The

other robust cost estimates used very similar methods. It is
unlikely, therefore, that substantially different conclusions
would have been drawn had data from these studies been
used. However, it is worth noting that there is scope for vari-
ation in results. The difference in cost between laparoscopic
and open mesh repair from Wellwood and colleagues was
greater than when cost estimates were based on the MRC
Collaborative study (22;24) As a result, laparoscopic repair
appears less cost-effective when data from Wellwood and col-
leagues are used (24). These cost differences reflect the differ-
ent hospital equipment policies for reusable equipment (the
results when disposable equipment were used were virtually
identical).

CONCLUSIONS

The results of the economic model, based on comprehensive
systematic reviews that were unlikely to have missed any rel-
evant trials (9–11), indicate that open flat mesh repair is more
efficient than non-mesh repair. The role of laparoscopic re-
pair is less clear, but there is no evidence that it is any more
effective in terms of recurrences avoided than open flat mesh
repair. Decisions about whether the use of laparoscopic re-
pair should be increased depend on whether the benefits of
laparoscopic repair (reduced pain and earlier return to usual
activities) are worth the extra cost and the risk of rare but po-
tentially serious intraoperative complications. The evaluation
presented here provides information to assist policy makers
in this decision.

POLICY IMPLICATIONS

Based on currently available evidence, laparoscopic repair is
not cost-effective compared with open mesh repair in terms
of cost per recurrence avoided. The greater complexity of
the laparoscopic approach means it takes significantly longer
to perform and requires more costly equipment. This finding
makes it more costly. Decisions about the use of laparoscopic
repair depend on whether the benefits outweigh the extra
costs and intraoperative risks. On the evidence presented here,
these extra costs are unlikely to be offset by the short-term
benefits of laparoscopic repair.

There is clear evidence that the use of mesh in open repair
reduces the risk of recurrence compared with more traditional
sutured methods of open repair. Based on currently available
evidence, a flat mesh method of open repair appears to be the
preferable routine method of repair of inguinal hernia.
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